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RE: Item 13

We investigated symbolic aspects of commonsense reasoning. The formalisms studied
- nonmonotonic logics - go beyond the classical logic and encompass such reasoning
mechanisms as circumscription, default logic, autoepistemic logic, reason maintenance and
logic programming with negation. The area of nonmonotonic logics is currently one of
the most active topics in Artificial Intelligence and has potential applications in the next
generation of Expert Systems and general reasoning software.

Main results of our research provide understanding of the dependence of nonmono-
tonic modal logics on the underlying monotonic modal logics, explain the relationships
between most important modes of non-monotonic reasoning, provide algorithms for auto-
mated nonmonotonic reasoning as well as computational complexity results. Several pilot
implementations of nonmonotonic reasoning engines were produced.
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Investigations of Logic of Introspection
and Related Modes of Reasoning with

Applications

Final Report

Victor W. Marek and Miroslaw Truszczyriski
Department of Computer Science

University of Kentucky
Lexington, KY 40506-0027

Statement of the Problem Studied

Nonmonotonic logics attempt to formalize non-numerical aspects of commonsense
reasoning. These logics go beyond the classical logic and encompass such formalisms
as circumscription, default logic, autoepistemic logic, reason maintenance and logic
programming with negation. The area of nonmonotonic logics is currently one of the
most active topics in Artificial Intelligence and has potential applications in the next
generation of Expert Systems and general reasoning software.

We studied modal nonmonotonic logics and their role in the area of nonmonotonic
reasoning. Our research can roughly be categorized into four main topics.

1. Classification of types of reasoning in modal nonmonotonic logics;

2. Algorithms for modal nonmonotonic reasoning;

3. Complexity of nonmonotonic reasoning;

4. Relationship of modal nonmonotonic logics to other nonmonotonic systems such
as default logic, logic programming and reason maintenance.

Summary of the Most Important Results

1. Dependence of nonmonotonic modal logics on the underlying monotonic
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modal logics. We found that whole clusters of modal logics collapse to the same
nonmonotonic modal logic. This unexpected result shows that nonmonotonic modal
logics possess multiple semantics and proof systems. In addition, it follows that the
class of modal nonmonotonic logics is much smaller than the class of the corresponding
monotonic systems.

2. Algorithms for nonmonotonic reasoning. We designed methods for comput-
ing expansions, that is, sets of formulas accepted by a reasoning agent as a "belief
sets".

3. Complexity of nonmonotonic reasoning. We determined the complexity of
several modes of nonmonotonic reasoning such as autoepistemic reasoning, default
reasoning and logic programming with stable semantics.

4. Understanding the relationship between various modes of nonmono-
tonic reasoning. Our research produced a large body of results including:

(a) a general theory of nonmonotonic rule systems;

(b) studies of modal nonmonotonic logic as a unified language for nonmonotonic
reasonings;

(c) a number of technical results on default logic concerning normal forms for de-
fault theories;

(d) results in logic programming concerning complexity of stable semantics and
limits of expressibility of locally stratified semantics.

5. Pilot implementations of nonmonotonic reasoning engines. This includes
implementations of default logic and autoepisteric logic.
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